Two field experiments in central Italy on wheat showed that the application rate of clodinafop-propargyl could be significantly reduced to 1/2 of the labelled rate to control oats and canarygrass, with no loss in weed control efficacy. This reduction was favoured by the use of mineral or vegetable oil, with no apparent differences. No rate reduction of clodinafop-propargyl was possible for ryegrass, which needed at least the labelled rate plus vegetable or mineral oil to be satisfactorily controlled. A mixture of diclofop-methylϩfenoxaprop-p-ethyl could be effectively used only against oats controlled at 2/3 of the labelled rate. This mixture did not prove effective against canarygrass, while it was effective against ryegrass only when applied at the maximum labelled rate mixed with vegetable or mineral oil.
Introduction
Many factors must be considered to reduce herbicide rates to the lowest effective level, such as the differential sensitivity of the targeted weeds and the different potency of the herbicides being considered. 1) For postemergence herbicides, the use of adjuvants can be important to reduce herbicides rates 2, 3) ; the performance of specific graminicides is, indeed, usually increased by the addition of tank-mix oils. 4, 5) It is generally accepted that the benefit of oils is related to their ability to increase the drying period of droplets during their fly time before their impact on plants, to improve the spreading of the deposit on difficult-to-wet targets (mainly Graminaceae), and to enhance the penetration of herbicides into plants. [6] [7] [8] [9] Mineral oils are widely used in Italy, but the share of vegetable oils is increasing. The latter and their derivatives are ecotoxicologically compatible, as they are neither toxic nor phytotoxic and are quickly degraded by microorganisms in the soil 10) ; however, crude oils produce a limited enhancement of herbicide efficacy. 11) A widely held belief is that the adjuvant effect is species specific: different adjuvants interact differently with different herbicides on different species. 12) In this regard, herbicide dose-response curves must be determined for the most difficult to control weeds under various adjuvant conditions. [13] [14] [15] [16] This study determined these relationships for three commonly used herbicides for key grass weeds in wheat in central Italy, in order to establish the minimum dose requirement in the field under vegetable and mineral oil adjuvant conditions. 17) In location #1, weed flora was mainly composed of ryegrass (63% of ground cover on the untreated control), canarygrass (56%) and oats (34%); in location #2, weed flora was composed of canarygrass (69%) and oats (39%). Ground cover was assessed using the method proposed by Braun-Blanquet. 18) The following herbicide combinations were used: 1) clodinafop-propargyl and 2) a mixture of diclofop-methylϩ fenoxaprop-p-ethyl (mixing ratioϭ10 : 1). ; untreated plots were added as checks in all locations. Weed control ability was visually recorded 4 weeks after herbicide application, on a scale from 0 to 100%.
Materials and Methods

Experimental design
Statistical analysis
For each "location-herbicide-weed" combination, the whole dataset was simultaneously fitted into the following model 19) :
where Y is the percentage efficacy of the herbicide, x is the dose, b is the slope of the curve around its inflection point, ED50 is the dose required to give 50% efficacy and i is the adjuvant, which was included as a categorical variable in the model. For each "location-weed-herbicide-adjuvant" combination, the selected model was used to derive the dose required to give 90% weed control, assumed to be the minimum dose requirement for satisfactory efficacy. 20) The relative dose reduction allowed by adjuvants in relation to the herbicides used alone was calculated by the ratio "1ϪED90 herbicideϩadjuvant /ED90 herbicide alone ."
Statistical analysis was performed using the macro programme BIOASSAY97.
21)
Results and Discussion
Dose-response curves did not show any lack of fit to observed data; an example is represented in Fig. 1 . Observed weed control data are reported in Table 1 .
In some cases (mixture diclofop-methylϩfenoxaprop-p-ethyl) the selected dose range did not encompass the whole response range of all the weed species and some were never perfectly controlled, regardless of the application rate and adjuvant. In these cases, the model could not be fitted and ED90 levels and the adjuvant effect could not be precisely estimated. This problem is connected with the field nature of the experiment, wherein a common dose range has to be selected for all weed species, even before the experimenter knows what weed must be dealt with. To minimise this problem, an increased number of doses would be required, but this would imply an unacceptable increase in the size of the experiment. 14) ED90 levels for clodinafop-propargyl are reported in Table 2 . It should be stressed that clodinafop-propargyl showed better efficacy in the first location (see ED90s in Table 2 ).
The ranking of weed species in terms of sensitivity to clodinafop-propargyl (without adjuvants) was: oatsϾcanarygrassϾ ryegrass (see ED90s in Table 2 ); oats could be well controlled at the commercial rate (60 g a.i. ha Ϫ1 ) without adjuvants. Canarygrass was less sensitive, especially in location #2. Ryegrass did not show good sensitivity and could not be controlled regardless of the application rate (Table 1) . In most cases, adjuvants significantly enhanced clodinafoppropargyl activity, allowing an apparent dose reduction, reaching 50% in some cases with respect to herbicide applied alone ( Table  2) . In more detail, it can be observed that oats (both locations) could be controlled with approximately 20-30 g a.i. ha Ϫ1 of clodinafop-propargylϩmineral or vegetable oil, which is much lower than the labelled rate (60 g a.i. ha
Ϫ1
). In other words, in the presence of vegetable or mineral oil, the same weed control efficacy against oats could be achieved with half the dose with respect to clodinafop-propargyl alone (see ED levels in Table 2 ).
In most cases (ryegrass, oats in location #1 and canarygrass in location #2) it was not possible to detect significant differences among adjuvants; otherwise, mineral oil outperformed only in the case of oats when applied in location #2.
Dealing with the whole infestation (a plurispecific weed flora), ED90 values show that in location #1 no dose reduction could be achieved with respect to the labelled rate regardless of adjuvants. This was due to the presence of ryegrass which needed high dose of herbicide to be satisfactorily controlled. On the other hand, in location #2 clodinafop-propargyl could be used at 2/3 of the labelled rate.
The ED90 levels for the mixture of diclofop-methylϩ fenoxaprop-p-ethyl are reported in Table 3 .
The ranking of weed species in terms of sensitivity to the mixture (without adjuvants) was: oatsϾryegrassϾcanarygrass (see ED90s in Table 3) .
Considering herbicides alone, only oats could be controlled at a rate lower (1/2) than the commercial rate. On the other hand, canarygrass was not controlled regardless of the application rate and adjuvants.
In the case of oats, adjuvants did not increase the efficacy of the mixture of diclofop-methylϩfenoxaprop-p-ethyl while in ryegrass, vegetable oil allowed a significant reduction of the application rate; however, it should be noted that the ED90 of the herbicideϩvegetable oil is not much lower than the labelled rate. If all three grass weeds were present, diclofop-methylϩfenoxaprop-pmethyl would not control canarygrass.
In conclusion, the application rate of clodinafop-propargyl could be significantly reduced to 1/2 of the labelled rate to control oats and canarygrass, with no loss in weed control efficacy. This reduction was favored by the use of mineral or vegetable oil, the latter being frequently not much (or significantly) worse than the most widespread mineral oil. In the case of ryegrass, mineral or vegetable oil was needed to allow clodinafop-propargyl to control this weed at the labelled rate. The mixture of diclofop- methylϩfenoxaprop-p-ethyl could be effectively used only against oats controlled at 2/3 of the labelled rates, when applied at the "tillering" stage. Diclofop-methylϩfenoxaprop-p-ethyl did not prove effective against canarygrass, while they were effective against ryegrass only when applied at the maximum labelled rate mixed with vegetable oil (preferably) or mineral oil. The effect of oils in improving the herbicide efficacy of diclofopmethylϩfenoxaprop-p-ethyl was not very apparent. 
